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1 ABSTRACT

~ There is disclosed a hand held testmg dewce for mea-

suring  different electrical quantities. Two handles
equipped with test prongs are interconnected by a ca-
ble. A battery and means for charging the same are built
into one handle. The other handle is provided with a
function selecting switch and a range selecting switch

- having finger grip elements: Movable switch elements

are constructed of contact rollers. The statlonary_
switch elements are commonly f()rmed of a printed

- circuit board bearing respective contact areas. A second

printed circuit board assembly arranged aside the first
board carries the main electrical units on one side and a
display device with a visible display area on the oppo-
site side. Selector areas asmgned to each one of the

- switches for marking selector positions are arranged on

the same side of the handle body as the display area.

~ Test prongs, selector areas and the display area may

therefare be viewed together.

12 .Claims, 4 Drawing Figures
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1

HAND HELD TESTING DEVICE FOR
MEASURING DIFFERENT ELECTRICAL
QUANTITIES - .

BACKGROUND OF THE INVENTION
The present invention is-directed to a2 hand held test-
ing device having means for selecting -independently
one of several fuinctions and one of several ranges, re-
spectwely, for measurmg different electrzea] quantltles:
within a wide range of magnitudes. | -
Hand held testing devices are very well known in the
art. Usually they are provided with two handles’ each

having a test prong for contacting electrical measuring
points. Such hand held testing devices are used-for

 electrical testing purposes; for example, for testing if a

voltage at a measuring point is present or not; and for
testing short circuits or resistances of electncal connec-
tions. For displaying. the test result there is provided a
display device, such as a light emitting' diode. Besides 20
these inexpensive and basic testing devices, there are
also others having expanded characteristics and func-
tions. These more reliable testing devices may be able to
present a display if such mentioned electrical quantities
are within .a-specific' range; however, the presently 25
known hand held testing devices normally are not to be
understood as precision measuring devices. o
On the other hand, table models for -measuring a-c
voltages, d-c voltages or resistances have been known

for a long time. These measuring devices, ‘which are 30

often called multi-meters, facilitate precision measure-
ments. They are optionally selectable for. measuring a
specific function within  different. ranges, as a resuit.
Measurements can be taken upon selecting-a- suitable
measuring. range . so as.i{c minimize measuring €rrors. 35
Such table models in comparison:to hand held devices -
have the disadvantage that they are bulky and inconve-
nient for a variety .of applications, especially.for out-
door services, such as maintaining and installing electri-

cal equipment. On the other hand, there 1s a present 40 .

need among service personnel and others. for more so-
phisticated measuring devices which allow easy han-
dling and give more precise measurement results.

' SUMMARY OF THE INVENTION

It s, therefere ‘a main-object of the present mventien-
to improve pr,esently used hand held testing devices.and
to extend the characteristics .of these devicégs to the
point of being comparable with the performance of
multi-meters presently designed as tablé models. - = 50

Another more specific object of the present invention
is to provide a hand held testing device having means
for selecting independently one of several functions and
one of several ranges, respectively, for measuring dif-
ferent electrical quantities within a wide range of mag-- 55
mtudes. S ﬂ

Still another object of the present invention is to
provide a hand held testing device as above, designed in
a very -space-saving manner, especially as far as the
means for selecting different: operations and different 60
ranges are ‘concerned, thereby permittinguse of such a
compact and handy measurmg mstrument as. a general-
tool for outdoor services. | - S

Still another object. of the present invention is to
provide a hand held testing device as above, designed 65
such that the setting of functions and ranges can be
performed in one operation. This means especially the
design of the .hand held testing device in a manner

10
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which enables an e_p_emter to have the measurin g points,

~ selector. areas marking a selected function and the se-
~ lected range, respectively, and the display area with the

result_ of the measurement in the same field of view.
Tt is to be understood that the hand held testing de-
vice also should contain an 1ndependent voltage source

- for the measuring operations, which is preferably de-
signed as a chargable battery. If the battery is chargable,

means for chargmg the same should be built into the

dewce SRS
- In the present 1nvent10n, the hand held testing device

‘having two handles and a connecting cable is provided
- with a function selecting.switch and a range selecting

switch, both of which are arranged in one handle. A
first printed circuit board assembly mounted within the

‘body of that handle carries two separate groups of con-
- tacting areas each assigned to one of the switches. The
‘switches have switch frames and movable contact ele-

ments, preferably designed as contact rollers arranged
in parallel thereon. By means of the switch frames, the
contact elements are movable in common and stepwise

between different selector positions. Finger grip ele-

ments, each one connected to one. of the switch frames
extend through the body of the handle at opposite sides

for manually operating -the respective switch. Two

selector areas are arranged side by side and between the
two finger grip elements on one surface of a handle for
marking the settings -of the switches. Additionally, a
semiconductor display device is mounted in the body of
that one handle, the display device having a display area
arranged to be visible through the body of the handle on
the same side as the mentioned selector areas. In that
same handle a seeond printed circuit ‘board assembly is
mounted aside the first printed circuit board assembly.
Both assemblies are electrically connected, preferably
by metal pins which additionally stabilize the mechani-

- cal structure. The second printed circutt board assem-

bly carries most measurement precessmg circuits on
one ‘side whereas the display device is arranged on the
opposite su:ie ‘This des: gn results in a very speee-savm g
structure. . ST |

‘The design of the selecter swﬂehes is sech that the

swuches can be implemented in a particularly space-
saving and flat configuration. Preferably, the first

‘printed circuit board assembly is utilized from both

sides for providing these switching operations. Rolling
contacts ensure a safe, abrasion-free and easy-to-handie

~ operation. As both switches make use of one printed
y circuit board as the stationary member, the. design can

be such that both switches can be operated w1th the

thumb and the index finger of one hand.
The arrangement of the electronic elements, assem-.

blles and -of the digital display on the second printed

circuit board assembly provide for short electrical lines,

and makes specific use of present known techniques for
composing electrical and electronic units in a space-sav-
ing manner. This is also to be seen from the mutual
spatial arrangement of all electronic elements and . as-
semblies on one side of the second printed circuit board
assembly, so that it occupies most space in only one
direction, whereas the flat digital display device ar-
ranged on the other side of the second printed board

assembly can thus be placed in a recess of the handle to
‘be viewed from the outside.

Preferably, a measuring unit, mainly composed of a
switchable measuring voltage divider having precision
resistors and compensation capacitors, is mounted on
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the first printed circuit board assembly. Thls permlts
spatial separatlon of these elements from the measure-

ment processing circuits, which is essential for measur-

ing operations for undistorted results.

Preferably, also the display dewce 1S composed of a

| llquld crystal device arranged in a clamp strap embrac-

ing the second printed circuit board assembly This:
clamp strap thus performs two functions, it is both a
-pre—assembhng tool for accomodating the d1splay de-

vice on the segond printed board assembly prior to
~ mounting the assembled unit into the body of the han-

4

handle 2 will llght up for mdlcatmg the selected func-
tion. |
The range selecting switch 10 is actuated to prowde

for a suitable ~measuring range when one of the de-

scribed measuring functions has to be performed. As to
be seen from a second selector area arranged aside the

- first ‘one, voltage measurements are to be taken in

ranges from 200 to 500 V, from 20 to 199.9 V, from 2.0

- to 19. 99 V, from 0.2 to 1.999 V and from 10 to 199.9

10

dle, and a very simple mounting structure for connect-

ing the display device to -the second prmted c1rcu1t

-_ board assembly. -

A better understandmg of the invention may be had
by reference to the following description of a preferred
embodiment in con_]unctlon w1th the accompanymg
drawings. SRR

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. lisa top view of the general de51gn structure of

~ the testmg device: --
FIG.2is a partlal sectional view of the handle con-
‘taining the main electrical and electronic equipment,

. while a part of the handle body is removed to show the'

~ interior structure; | -
- FIG. 3is a partial sectlonal view of the handle shown

in FIG. 2 with a cross-sectlon essentlally along the lme
' 30

III—III; and |
- FIG. 4 shows a detall of the clamp structure of the
display devme SRR | - a

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT |

FIG 1 shows a schematic dlagram of a hand held

15

~such that an operator embracing handle 1 and touching

mV. If resistances are to be measured, corresponding
ranges are from 0.1 to 199.9 ohm, from 0.2 to 1.999 k
ohm, from 2.0 to 19.99 k ohm, from 20.0 to 199.9 k ohm,

from 0.2 to 1.999 M ohm and from 2.0 to 19.99 M ohm. -

On the same side.of the first handle 1 there also is
provided a digital display device 8 designed as a liquid
crystal display (LCD). The display device 8 is arranged

the range selecting switch 10 with his thumb and the
function se]ectmg switch 9 with his index finger has the
0 display device 8 in his field of view, However, some-

- times this normal mode of operation is not possible if the

measuring area is inconveniently located. Therefore a
push button 44 is mounted aside the display device 8. By |

- actuating the push button, measurements can also be

25

35

testing device having two handles 1-and 2 and a cable 5§ |

connectmg these handles. Built into the second handle 2

there 1s provided a battery 3, for example consisting of

four chargeable Ni-Cd cells, and an adapter set 4 for
transforming a supply voltage into a charge voltage
during charge operations. Each of the handles 1 and 2
are equipped with test prongs 6 and 7, respectively. The
test prongs are designed in a known manner for hand
held testing devices and are connected to the respective

handle by a screw joint. Each of the handles 1 and 2 has

40

45:

a ghde-off ring 46 and 47, respectively, preventing fin-

gers from gliding off the handle in the direction of a test

areca with sometimes hazardous voltages. The gllde-off -

rings 46 and 47 are thus provided for safety reasons..

A function selecting switch 9 and a range selectmg
switch 10 are arranged in handle 1; these two switches
are represented in FIG. 1in the form of grip levers to be
operated from the outside. The function selecting
- switch 9 is to be set in six function positions which are

50

335

represented in a function selector area. If the switch is

set to the function position 48 closest to the glide-off
‘ring 46, the device is turned off. The other function
positions, mentioned in successive order, are to be se-

- lected for measuring direct current voltages (V-DC),
measuring alternating current voltages (V-AC) and

60

resistances (k ohm), for testing the battery 3 (TEST) -

and for charging the battery 3 (LAD). If the battery 3
~ has to be charged, first the function selecting switch 9 is:

set to the function “Charge”- (LAD); then the test

prongs 6 and 7 of handles 1 and 2, respectively, are

connected to the supply voltage. During a charge oper-
ation a light-emitting diode 45 arranged in the second

65

taken at'such locations where the testing device cannot
be held such that the digital display device 8 is in the:
operator’s field of view. Upon actuating the push button

- 44 the numerical value of measurement is stored for a

sufficient period of time for the operator to remove the
handle 1 from the measurmg area and to read the mea-
sured values. = - :

As it will be descnbed n detall later, handles 1 and 2
are each composed of two half shells of a main body..
FIG. 2 shows a view of the first handle 1 when one of

these half shells of the main body is removed. Identical

elements have the same reference numbers’in ‘the re-
spective figures. Handle 1 is provided with two printed-
circuit board assemblies, a switch board 13 and a display
board ‘30. The switch board above all carries printed -
conductors 11 and contacting surfaces 12, of which

conductors and contactmg surfaces only a selectlon 1S -
shown in FIG. 2 for functional clarity. |

As the switch board 13 mainly forms contacting sur-
faces 12 for both the function selecting switch 9-and the |
range selecting switch 10, movable elements of these
two switches are assigned to the switch board 13 ar-
ranged in a multi-layer structure. The movable elements
of switches 9 and 10 are provided with contact rollers
14 having flexible surfaces of conductive material. The =
contact rollers may be constructed of rubber rings filled
with conductive material and mounted on insulating
plastic: wheels or of rolling metalic rings of soft mate-
rial. Thus an intimate area contact is obtained: between -
neighboring contacting surfaces 12 across the surface of
contact rollers 14. Groups of contact rollers 14 are
commonly arranged in a first switch frame 16 and a '
second contactual switch frame 17, respectively.- =~

Since both sides of the switch board 13 are used, as
can be seen from the cross-sectional view of the handle
1 shown in FIG. 3, respective contact rollers 14 are also
arranged on the opposite side of the switch :board 13.
These contact rollers are likewise :grouped to form -

second sets of contact rollers for each of both the func-

tion selecting switch 9 and the range selecting switch

10. A third switch frame 18 forms the housing for one of

~ these. second sets of contact rollers. The respective

fourth switch frame aligned to the third switch frame 18 -

~and forming the housing of the second'set of contact



4,298,837

S

rollers is not visible in this partial sectional view of FIG.
3. Switch frames are pressed on the switch board 13 by
spring pressure. The first and third switch frames 16 and
18 are assigned to the range selecting switch 10 whereas
the second and fourth switch frames are assigned to the
fucntion selecting switch 9. | |

A slot 19 running paralilel to the contacting surfaces
12 is formed in the switch board 13 to separate the
contacting areas of both the function selecting switch 9
and the range selecting switch 10. The slot 19 extends
over the entire operating range of the two switches 9
and 10 and is provided for separating the two switch
areas which are to be operated independently. Each
pair of switch frames assigned to switch 9 and 10, re-
spectively, is connected with a slide lever 20 or 21 run-
ning along respective sliding rail tracks 22 or 23 in two
housing parts 24 and 25 forming the body of the handle

1. This insures reliable guidance of the finger grip levers

of both switches and positive contacting of the contact
rollers 14 onto the contacting surfaces 12. For locking
the slides 20 and 21 at specific stop locations resilient
locking arms 27 are provided in depressions 26 in the
interior of the housing parts 24 and 25, respectively,
which arms move with slides 20 and 21. The spectfic
stop locations correspond to a given setting of the

switches for defining a specific function range and mea-

surement range.

The switch function board 13 is designed mainly to
perform the switching operations. The display board 30
is the main board for mounting electronic circuit com-

ponents 28 and 29 performing measurement processing

functions and for mounting the display device 8. The
display board 30 may also be composed of several layers
bearing printed conductors for inter-connection of the
circuit components and the display device.

The electronic circuit components 29 are standard,
commercially-availalbe integrated modules. An analog-
to-digital converter 31 is designed as a LSI-CMOS
circuit. This converter 31 insures great resistance to
aging, reliability and allows for automatic zero-point

correction. The converter 31 is connected with other

passive and active electronic elements 28 with a quadru-
ple operational amplifier 32, a dc-ac transformer 33 and
the display device 8. The electrical design is well
known to those skilled in the art of multi-purpose test-
ing devices so that further detailed description does not
seem to be necessary.

The improved mechanical structure of the display
device 8 is to be seen from the 3-dimensional view of
FIG. 4. The commercially available display device 8,
designed as a liquid crystal display, is arranged in a
clamp strap 36 having two arms 38 extending perpen-
dicular to the long axis of the strap. Each arm of the
clamp strap 36 1s provided at its end with a catch 37
embracing thus the display card 36. In the center part of

10

15

6

between the display card 30 and the display device 8 the
rubber strips 31 also are provided for an elastic buffer-
ing holding action of the display device 8.

The design of the clamp strap 36 not only ensures an
extremely space-saving accomodation of the display
device 8 on the display card 30, but also serves as an
assembling device. In assembling of the testing device,
the display device 8 is first inserted into the window
opening 39, then the two laminated contact-rubber
strips 41 are laid in and held laterally by the wall por-
tions 40 in the window opening. Then the display card
30 can be pressed on this arrangement. The display
device 8 is adjusted by lateral displacement in the longi-
tudinal direction of the display card 30 for correct posi-
tioning. The display device 8 is mounted directly oppo-
site o0 the analog-to-digital converter 31, this design

- forming an electrically optimal and space-saving circuit

20

23

30

35

40

43

50

33

the clamp strap 36 there is provided a window opening

39 having extending wall portions 40. These wall por-
tions only serve to receive rubber strips 41 having a
high electrical resistance in the longitudinal direction
and bearing electrically conductive sections in the
transverse direction. Thus, contact points of the display
device 8, which are provided to control independently
operating character sections of the display device, can
be contacted with respective contact surfaces 42 of

60

conductors 43 of the display card 30. The appropriate 65

contact forces are achieved by the rubber strips 41
which under pressure by the clamping force of clamp
strap 36 on the display card 30. Besides giving contact

arrangement. The clamp strap 36 also is provided for
inserting a key contact 44 for easy assembly together
with the display device 8.

The switch board 13 adjoins the display board 30 in
the longitudinal direction of the handle 1 and is fixed to
the body of the first handle in a position which is stag-
gered in height in reference to that of the display board
30. Both printed circuit boards are electrically con-
nected to each other by metal pins 35 consolidating also
the mechanical structure. It goes without saying that
the interior of the two housing parts 24 and 25 of the
first handle are so designed that these parts enhance the
vertically staggered position of the two printed circuit
board assemblies.

'Additionally, on the switch board there i1s mounted a
switchable measurement voltage divider formed of sev-
eral position resistors R1, R2, R3, etc. and compensa-
tion capacitors C1, C2, C3, etc. The capacitors serve for
correcting the frequency response of the testing device.
This voltage divider 34 is also connected to the metal
pins 35 by connecting lines and is thus connected to the
second printed circuit board assembly.

A special advantage of the present invention, due to
the constructional design of the interior of the first
handle, is that this hand held testing device is provided
with three measurement functions—1.e., measurements
of d-c voltage, a-c voltage, and resistance—and with
two more functions for battery test and charging. Opti-
mal measurement results are to be had by selecting an
appropriate measuring range for each measuring func-
tion. The hand held testing device, therefore, offers all
functions of a conventional table model testing device.
The necessary electrical circuitry for performing all of
these characteristics is achieved with particularly small
dimensions. In an actual design, the first handle 1 has a
housing dimension of 185X 44 X 17 mm? without the test
prong, and the second handle has respective housing
dimensions of 135X 32X 16 mm?. |

All settings of both the function selecting switch 9
and the range selecting switch 10 can be effected during
measuring processes. The switches are set by fingers of
the hand holding the first handle, with the display de-
vice remaining in the field of view.

Both the switch board and the display board 30 are
fixed in the body of the first handle by means of screws
which are fixed in a self-tapping manner on one housing
part 25 of the handle 1, thus supporting the mechanical
stability of the entire arrangement of the handle. The
housing parts 24 and 25 of the handle 1 have overlap-
ping rims ensuring proper creep distances required in an
electrical measuring instrument. These rims are de-
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signed as to perform a self-snapping property when
assembled together. This design keeps the handle rela-
tively dust-proof with sufficiently long creep distances
for electrical safety and reliability. As an additional
feature, the use of contact rollers 40 constructed of

- rubber and the rubber strips 41 holding the hquid crys-
tal display make the testing device shock proof so that

it 1s highly insensitive to mechanical shocks.

While the specific design of the testing device herein

described constitutes a perferred embodiment of the
invention, it is to be understood that the invention 1s not
limited to this precise form of assembly, and that a vari-
ety of changes may be made therein without departing
from the scope of the invention.

I claim:

1. A hand held testing device having means for select-
ing independently one of several functions and one of
several ranges, respectively, for measuring different
electrical quantities within a wide range of magnitudes,
comprising in combination:

(a) a first handle, a second handle and a cable con-
necting the two handles, each of said handles being
provided with a hollow body for accomodating
electrical units and with a test prong for contacting
a respective measuring point;

(b) a function selecting switch and a range selecting
switch both arranged on said first handle; a first
printed circuit board assembly mounted within the
body of said first handle and carrying two separate
groups of contacting areas assigned to said function
selecting switch and to said range selecting switch,

. respectively; each of said switches further having a
switch frame and movable contact elements ar-
ranged in parallel thereon and being movable in
common and stepwise, between different selector
positions, in the direction of the long axis of said
first handle, and when 1n a selector position, being
in close contact with respective neighboring
contact areas; each of said switch frames having a
finger grip element extending through said first
handle body at opposite sides for manual operation
of the respective switch;

(c) two selector areas arranged side by side and be-
tween the two finger grip elements on one surface
of said first handle, the first selector area marking
selector positions of said function selecting switch
and the second selector area marking selector posi-
tions of said range selecting switch;

(d) a semiconductor display device mounted in said
body of said first handle, and having a display area
arranged to be visible through the body of said first
handle on the same side of said first handle as said
selector areas;

D

10

15

20

25

30

35

45

50

(e) a second printed circuit board assembly mounted

aside said first printed circuit board assembly in
said body of said first handle and electrically con-
nected to said first printed circuit board assembly,
said second printed circuit board assembly carry-
ing measurement processing circuit arrangements
on one surface and means for connecting the dis-
play device to outputs of said measurement pro-
cessing circuit arrangements arranged on the Oppo-
site surface; and
(f) a chargable voltage source unit and means for
charging the same built into said second handle.
2. The hand held testing device recited in claim 1,
both the function selecting switch and the range select-
ing switch further comprising a pair of switch frames

35

60

65

8

with movable contact elements arranged symmetrically
to the first printed circuit board assembly and com-
monly connected with the respective finger grip ele-
ments; and contacting areas assigned to one of each

switches mounted on opposite sides of said first printed

circuit board and being engagable with a respective one
of said movable contact elements.

3. The hand held testing device recited in clalm 2,
wherein the movable contact elements of both the func-
tion selecting switch and the range selecting switch are
constructed of contact rollers arranged concentrically
and in parallel on a respective switch frame and having
a flexible surface of conducting material.

4. The hand held testing device recited in claim 3,
wherein said contact rollers further comprise an outer
rubber ring filled with conductive material and
mounted on an insulating wheel of plastic material.

5. The hand held testing device recited in claim 4,
comprising:

(a) sliding rail tracks arranged in side portions of the
body of the first handle adjacent to the first printed
circuit board assembly; and

(b) a pair of slide levers, each mounted on the switch
frames of the function selecting switch and a range
selecting switch, respectively, and each arranged in
a sliding position in one of said sliding rail tracks
for aligning the respective switch,to the long axis
of the first printed circuit board assembly.

6. The hand held testing device recited in claim 3,

further comprising:

(a) sets of depressmns, each arranged in a lme parallel
to the long axis of the first printed circuit board
assembly on the interior surface of the body of the
first handle; and |

(b) locking arms resiliently mounted on each slide
lever for spring loaded engagement with said de-
pressions for optionally setting the respective
switch in different selector positions.

7. The hand held testing device recited in claim 6,
wherein the two printed circuit board assemblies are -
mounted in a staggered position with overlapping edges
in the body of the first handle and wherein said testing
device further comprises metal pins for electrically
connecting a multiplicity of respective connecting lines
of both printed circuit board assemblies. -

8. The hand held testing device recited in claim 7,
wherein the first printed circuit board assembly further
comprises a measuring voltage divider unit switchable
between different stages by the range selecting switch,
and electrically connected with the electrical units
mounted on the second printed circuit board assembly.

9. The hand held testing device recited in claim 8,
further comprising a clamp strap having two bent arms
with end portions forming resilient shoulders, and hav-
ing extending wall portions forming an opening in the
center part; said shoulders embracing the second
printed circuit board assembly and the display element
arranged between. the clamp strap and the second

printed circuit board assembly in a locked position

under pressure of the clamp strap.

10. The hand held testing device recited in claim 9,
further comprising rubber strips having high electrical
resistance in the longitudinal direction and bearing elec-
trically conductive sections in the transverse direction
arranged between the display device and the second
printed board assembly and clamped into position by
the extending wall portions of the clamp strap; whereby
the conductive sections of said rubber strips form elec-
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trical connections between respective connection areas

of the second printed circuit board assemb]y and input . . |
contact points of the display device. ‘circumferentially extending from the surface of the

11. The hand held testing device recited in claim 10, handles and located adjacent to the 'respective test
wherein the semiconductor display device comprises a S ‘

liquid crystal digital display element. prong.
12. The hand held testing device recited 1n clazm 11 | ok ok k * X

wherein both handles further comprise a glide-off ring

10
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